There is a growing need to increase productivity in poultry. Growth hormones and antibiotics have the ability to improve health, weight gain and feed efficiency in meat-producing animals. The growth-promoting antibiotics are administered to poultry to improve the general performance of the chicken. However, the use of the xenobiotic drugs in food-producing animals has been a concern and a sensitive issue of debate for several decades in the EU and many other regional blocks of the world. Consequently, the use of hormones in animal production has been banned in Italy, Denmark and Germany for over 4-5 decades, while Belgium and Greece had never permitted its use for livestock fattening purposes. Bioactive phytochemicals exhibit antimicrobial, antioxidant, antiparasitic, antiprotozoal, antifungal and anti-inflammatory properties and consequently have several beneficial effects on appetite, growth and the immune status of the animal. In South Africa, different species of pumpkin are produced for food due to their high nutrient content. The flesh serves as a traditional food, while the seeds and peels are commonly discarded. Pumpkin seed extract is reported to be useful for immunomodulation, reproductive health, therapeutics over a wide range of disease conditions and stimulates metabolism of accumulated fats. Studies have also shown that pumpkin seeds are a valuable source of protein and fat. Their complexity and extent of bioactivity offers sustainable prospects for natural control of pathogenic/parasitic organisms, stimulate nutrition or enhance resistance to disease infections, and reduce abdominal fat and serum levels of harmful lipids, while increasing serum levels of beneficial lipids.
Introduction
Most parts of the third world countries (Asia, Africa, Oceania and Latin America: constituting 98% of the world's undernourished people) are predominantly rural poor, dominantly food insecure and survive on subsistent poultry products (eggs and meat) for protein and petty income generation. Particularly in rural Africa, chickens are usually raised at subsistence levels and can hardly provide enough food and income for the family to live on. Responding to these shortfalls, the South African government established programmes to ensure the right of every citizen to sufficient food (Du Toit et al., 2011) . The programmes providing appropriate support mechanisms to rural farmers to improve the quality and quantity of outputs, as well as allow innovative farmers to move from poor subsistence farming to commercial poultry production.
This growing necessity to increase productivity in livestock via improving animal growth rate, feed utilization as well as stress resistance and general wellbeing of the animal has been in the forefront of research. For over five decades, the use of growth hormones and growth-promoting antibiotics has been favoured by many livestock producers. The type of antibiotics, the dosage administered and the route of administration (in feed, in water or by injection) are subject to the intended use (Dibner and Richards,treatment in a flock in which morbidity and/or mortality has exceeded baseline standards, the antibiotic is given at higher doses in feed or by injection. The prolonged use of synthetic growth-promoting antibiotics included at subtherapeutic doses in poultry feed has become a public health threat (Passantino, 2012) . These antibiotics may potentiate the incidence of antibiotic resistance in both poultry and poultry products consumers. Accordingly, there is an increased interest in the use of eco-friendly materials such as phyto-products from medicinal plants, fruits and herbal-based extracts in the poultry and livestock industries. These compounds contain many bioactive phytochemicals (Ayo, 2010; Edeoga, 2005; Okwu, 2005; Harbone, 2001; Krishnaiah et al., 2009 ) which have been found to exhibit antimicrobial, antioxidant, antiparasitic, antiprotozoal, antifungal and antiinflammatory properties (Christaki et al., 2012; Biswas et al., 2014; Achilonu and Umesiobi, 2015) and consequently have been shown to have beneficial effects on appetite, growth and the immune status of the animal (Chakraborty et al., 2013) . Pumpkin is one such biologically active plant.
Pumpkin (Cucurbitaceae spp.) is an important vegetable, a source of traditional remedy, and widely cultivated throughout the tropical regions of the world in high production yield of approximately 10-15 fruits per plant. The pumpkins' valuable dietary components are attributed to their secondary metabolites and spectrum of fats. The Cucurbitaceae family has five major genera: Cucurbitaceae Citrullus (watermelons and wild colocynths), Cucurbitaceae Cucumis (cucumbers, gherkins and melons), Cucurbitaceae Lagenaria (gourds), Cucurbitaceae Sechium (chayotte) and Cucurbitaceae Cucurbita. The C. Cucurbita genus, the most economically important species, includes five species: C. pepo, C. moschata, C. maxima, C. ficifolia and C. turbaniformis (Ardabili et al., 2011) . These species have considerable variation in nutrient contents depending on the cultivation environment, species or plant/fruit part. C. Cucurbita is characterized by large fruity flesh (pulp), oil-bearing seeds and thick rinds. The flesh is traditionally used as food in South Africa, and the seeds are sometimes used as delicacies in some cuisines. The peels are usually discarded or fed to backyard chickens.
Studies have shown that pumpkin seeds are a valuable source of proteins and fats (Nawirska-Olsza nska et al., 2013). The seed oil contains fatty acids such as palmitic (C16:0), stearic (C18:0), oleic (C18:1) and linoleic (C18:2) (Kulaitiene et al., 2007) , vitamins E and A, essential nutrients: zinc, magnesium, phosphorus, copper, potassium, niacin, folic acid, riboflavin, thiamine and high-quality proteins (Eleiwa et al., 2014) . The complexity and extent of bioactivity of the seeds may offer sustainable natural alternatives for the control of pathogenic/parasitic organisms, stimulation of nutrition or enhanced resistance to disease infections (Brooker and Acamovic, 2005) . The bioactivity of the pumpkin seeds also helps to reduce abdominal fat and serum levels of harmful lipids, while increasing the serum levels of beneficial lipids. It was reported (Umesiobi, 2009 ) that the carcass quality and haematological parameters of the livestock and poultry fed rations appropriately fortified with organic compounds, such as the pumpkin seed meal (PSM), enhance their growth and reproductive performance.
Literature search revealed varied reports that described the chemical composition and pharmacological properties of pumpkin. This study therefore summarizes the diverse biochemical proximate of pumpkins and their dietary benefits on the general well-being of poultry species.
Poultry nutrition and poultry well-being
The competition between man and livestock for food supplies has gradually resulted in a decline in food security and increased cost of conventional animal feeds and feed ingredients. Therefore, it has become imperative to source unconventional, available, cheaper and nutritive feed materials as alternative livestock feed ingredients.
Different species of pumpkin are cultivated worldwide with high production yield (Phillips et al., 2005) , and pumpkin has since been used as an alternative feed ingredient in poultry production. Its proximate analysis revealed a higher crude protein (CP), moisture and mineral content (Nworgu et al., 2007) than the conventional feed raw materials (Omenka and Anyasor, 2010) , although there might be disparities in the nutrient content between the different pumpkin species and parts (Kim et al., 2012) . High feed conversion and body weight gain in broilers fed pumpkin leaf meal have been observed (Nworgu et al., 2007; Omenka and Anyasor, 2010) . As a supplement to regular feed, raw pumpkin can be fed to hens to help maintain egg production during the winter months (Jacob et al., 2013) . In an earlier report, Bashar and Abubakar (2001) observed a decrease in feed intake and weight gain of broilers fed a high (30%) dietary inclusion level of PSM. Furthermore, extracts from pumpkin seed and Sorghum bicolor were used to improve the haematological parameters in domestic rabbits (Adedapo et al., 2002) . This concurs with the investigations of Nworgu et al. (2006) who noted elevated packed cell volume, haemoglobin, red blood corpuscles, and improved feed intake and higher weight gain of broilers fed pumpkin leaf extracts.
A nutrition study conducted by Mart ınez et al. (2010a,b) revealed that 10% inclusion of PSM in broiler chicken diets served as a suitable substitute for soya bean meal as it enhanced the reduction in excessive abdominal fat, leading to increased production performance and improved organoleptic meat quality. Similarly, Omenka and Anyasor (2010) noted a reduction in total serum cholesterol and mean fat content of heart, gizzard and muscles when pumpkin vegetables were fed to broilers. Pumpkin seed oil (PSO) feed trials on broiler birds have also proved to lower bird mortality, as well as reduced cholesterol and triglyceride concentrations in blood plasma (Hajati et al., 2011) , although there was no positive improvement in carcass composition and performance. Earlier studies by El-Adawy and Taha (2001) showed high amounts of unsaturated fatty acids in PSO with linoleic and oleic acids dominating. In female non-ovariectomized and ovariectomized rats, Kerise et al. (2008) reported the bioactive presence of antiparasitic, anti-inflammatory, hypercholesterolaemic and hypoglycaemic properties in PSO, although higher levels [10.00 g/kg dry matter (DM)] of the oil significantly decreased broiler performance (Hajati et al., 2011) .
Pumpkin has been used as an alternative replacement for synthetic antibiotic growth promoter in poultry feed. Laboratory investigations by Pop et al. (2006) indicated strong agglutinations (+++) of Salmonella typhymurium, Salmonella gallinarum, Escherichia coli and Pseudomonas aeruginosa, when 50 ll of lectin isolated from pumpkin seeds was used with the same liquid cultures of bacteria. Similarly, Badr et al. (2011) also reported some antimicrobial, antiviral and antitumour biological activity of ripe pumpkin fruits. According to Badr et al. (2011) , extracts of pumpkin rind and flesh exhibited moderate (++) activities against the Gram-positive bacteria, Bacillus subtilis and Bacillus cereus and a strong (++++) antifungal activity was demonstrated by the seed oil extract against Saccharomyces cerevesiae. In the same experiment, in vitro assays of pumpkin rind, flesh and defatted seed meal (DSM) were examined against live newcastle disease virus (NDV) vaccine strains (Komarov and LaSota), and live infectious bursitis virus (IBDV) vaccine strain D 78 , the extracts showed significant inhibitory effects on NDV and IBDV in Monolayer VERO cell culture, in the range of 4-6 ll/ml, at therapeutic indices of >100, >80 and 50 respectively. Also, extracts of pumpkin rind, flesh, DSM and seed oil were examined by Badr et al. (2011) to determine their in vitro cytotoxicity activity using SRB assay according to Skehan et al. (1990) , against the tumour cell lines of liver carcinoma (HEPG2) and breast carcinoma (MCF7). Except for the seed oil, all extracts displayed potent antitumour activities against liver carcinoma (HEPG2), with IC 50 values ranging between 0.60 and 5.03 lg.
Antinutritional properties of Cucurbitaeae spp.
Apart from the nutritional bio-constituents of most plant seeds, researchers have also documented their antinutritional properties, which at certain critical levels may pose a threat to bioavailability and digestibility of nutrients, health and general wellbeing of monogastrics in particular (Omorayi and Dilworth, 2007) . According to Elinge et al. (2012) , pumpkin (C. pepo L) seeds contain phytate, oxalate, hydrocyanic acid and nitrate but not in amounts that pose a health threat to poultry on short-term administration. Some physical and chemical strategies have also been employed to mitigate the deleterious effects of these antinutritional phyto-compounds in seeds (Caili et al., 2006; Buba et al., 2010; Elinge et al., 2012; Medugu et al., 2012) , although treatment cost and the effectiveness of method used should also be considered.
Chemical composition and pharmacological properties
Numerous studies have reported the chemical composition and nutritive value characterisation of the pumpkin fruit (peel, flesh and seed) from different origins and varieties (Lazos, 1986; Stevenson et al., 2007; Mart ınez et al., 2010a Mart ınez et al., ,b, 2012 Ardabili et al., 2011) . Some of these studies investigated the chemical compositions (Tables 1-5) , biochemical characteristics (Tables 6-9), pharmacological effects (Tables 10 and  11 ) of various pumpkin species and their parts. Kim et al. (2012) reported the comparison of the chemical compositions and nutritive values of C. moschata, C. pepo and C. maxima grown in Korea. The results revealed that nutritive compositions differed considerably amongst the species and the parts and that the C. maxima had significantly more carbohydrate, protein, fat and fibre than the other two species.
The studies of Eleiwa et al. (2014) on the phytochemical and pharmacological properties of C. moschata cultivated in Egypt revealed the presence of considerable amounts of carbohydrates, saponins and steroids in the seeds and pulp. Proximate analysis of the lipoidal content of the seeds indicated that lauric acid is the major saturated fatty acid, while oleic and linoleic acids are the major unsaturated fatty acids available. Vitamin E was the highest in the petroleum ether extracts, while vitamin A was the highest in aqueous methanolic extracts of the seeds. The seeds are rich in quality protein and essential compounds (zinc, magnesium, phosphorus, copper, potassium, niacin, folic acid, riboflavin and thiamine). Both the seeds and pulp exerted significant anti-inflammatory activities, while the seeds showed remarkable analgesic and antidepressant activities. The authors also noted that the Egyptian C. moschata gave poor yields of oleic acid (5.45%) and linoleic acid (5.21%), compared to the Korean C. moschata that afforded high oleic acid (31.34%) and linoleic acid (35.72%) (Eleiwa et al., 2014) . Jacobo-Valenzuela et al. (2011a,b) summarized the health benefits of squash (C. moschata Duchense): as an important source of a-and b-carotene, lutein, vitamin C, dietary fibre, minerals and phenolic compounds. The study on the chemical composition of C. moschata (Mart ınez et al., 2010a,b) showed that pumpkin seeds contain DM (94.19%), ash (4.5%), CP (30.60%), ether extract (34.5%), crude fibre (CF) (16.24%), calcium (0.51%) and total phosphorus (0.18%). Petkova and Antova (2015) investigated the changes in the Fedha et al. (2010) , the comparative lower protein content in the Mexican winter squash was attributed to differences in agricultural practices and harvest dates.
Biochemical modulatory effects on poultry
Synthetic antibiotics used as growth promoters and growth hormones have been shown to be effective in enhancing feed conversion efficiency and increasing the livestock performance and productivity. Functional integrity of the reproductive organs of animals improves by strict hormonal control, and thus, hormonal drugs such as xenobiotics are popularly used to stimulate the reproductive systems. However, prolonged use of such chemicals to stimulate reproduction exhibit detrimental effects on the animals in the following ways: (i) morphologically change their reproductive systems, leading to subfertility or sterility via interruption of natural hormonal status (Mansuy, 2013) ; (ii) morbidity characterized by accumulation of chemical residues in animal products, concomitantly reducing quality of the products (Kistanova, 2003; Jeong, 2010) ; and (iii) the deleterious antibiotic resistance and potential passage onto human pathogens (Makkar et al., 2007) . To obviate these problems, scientists have intensified efforts in exploring medicinal and nutritive plants such as pumpkins, soya beans, The data are mean value AE standard deviation of triplicate results. Means followed by different superscript letters in each row as significantly different at *p < 0.05 (Duncan, 1955) . **p < 0.01. Means followed by different superscript letters in each row as significantly different at p < 0.05 (Duncan, 1955 ) ***p < 0.001. Table 9 Lipid profile and glucose levels of broilers fed different Cucurbita moschata seed meal levels (day 1 to day 49) (Aguilar et al., 2001) Parameters (mg/dl) Cucurbita moschata seed meal levels (g/kg) garlic, sunflower, amongst others, as alternative natural bioactive feed additives to the synthetic drugs for the enhancement of the reproductive functions and productivity in poultry and livestock industries (Gorvlov et al., 1997). Bardaa et al. (2016) and other groups of researchers have demonstrated that oil extracted by cold pressure from pumpkin seeds exhibits important antioxidant activities due mainly to the presence of tocopherols in higher amounts (Zhang et al., 2010; Latif and Anwar, 2011; Rezig et al., 2012; Bardaa et al., 2016) . Results of antimicrobial assays strengthened the fact that oil from pumpkin seeds was efficient against Gram+ bacteria than GramÀ such as inhibition of B. subtilis by pumpkin oil. In vivo study showed that the high content of bioactive compounds such as polyunsaturated fatty acids (Linoleic acid), tocopherols and sterols in the pumpkin seeds oil afforded an efficient wound healing on the wounded rat. Haemostasis test on the pumpkin seeds oil seems to help blood clotting because bleeding time was shortened (Bardaa et al., 2016) . According to the study by Saavedra et al. (2015) , the antioxidant and bioactive compounds of squash pumpkin shell samples revealed high values (1.47-70.96% inhibition) of antioxidant activity and total phenolic content (2.00-10.69 mg GAE/g DW). However, the antimicrobial activity in vitro assays on the solvents (ethanol, methanol, acetone, water, dichloromethane) extracts of the pumpkin shell and seeds revealed no inhibition halos (0.00 mm) around the disc impregnated with each of the extracts tested. This means no antibacterial activity against the tested bacterial strains. Conversely, the result of the positive control (when gentamycin was used) showed an inhibition halo of 16.00 and 18.00 mm against P. aeruginosa (ATCC10145) and E. coli (CECT434), respectively, while for the negative control, 0.00 mm of inhibition halo was seen when DMSO was used.
Performance parameters
Currently, there is a gradual reduction or outright elimination in the use of conventional antibiotics to formulate animal diets. Pumpkin seed meals have been reported to have a comparative potential with regard to synthetic growth-promoting antibiotics and hormones when used in animal production (Brooker and Acamovic, 2005) . Because of cross-resistance against pathogens and incidences of chemical residues in animal products, investigators are seeking alternatives to antibiotics as performance enhancers in the poultry industry. Phytogenics (Cederroth et al., 2012) are a relatively new class of feed additives. Presently, the exact mode of action by which plant bioactive substances exert their positive effects on bird performance is not well understood. Nevertheless, some scientists have reported that the main site of activity is within the gastrointestinal tract by modification of gut Means with different superscripts in a row were significantly different at (p < 0.05) different.
microflora, maximizing both feed digestibility and growth rate (Nkukwana et al., 2014) . However, their complexity and extent of bioactivity offer alternative prospects for synthetic control of pathogenic/parasitic organisms, stimulation of nutrition or enhanced resistance to disease infections (Brooker and Acamovic, 2005) , with a concomitant improvement in the general well-being of the chickens fed rations appropriately fortified with PSM. According to Gaafar et al. (2014) , the beneficial effects of plant additives in livestock diets could emanate from activation of the animals' feed intake and digestive secretions, immune stimulation, antibacterial, coccidiostatical, anthelmintics or anti-inflammatory activities of the phyto-compounds. Concurring with the aforementioned line of thought, Gaafar et al. (2014) observed that rabbits fed a diet fortified with a combination of C. moschata and Nigella sativa oils (2.5 g and 2.5 g/kg diet respectively) showed the best results concerning digestibility coefficients, caecal fermentation, blood parameters, growth performance, carcass quality and economic efficiency (Gaafar et al., 2014) . It has also been established that the chemical composition of feeds enriched with PSO strongly influences blood levels of triacylglycerides, total cholesterol, phospholipids and low-and high-density lipoproteins (LDL and HDL respectively) in poultry (Murata et al., 2003; Mart ınez et al., 2010a Mart ınez et al., ,b, 2012 . Mart ınez et al. (2010a) also noted that the inclusion of 10% PMS in broiler chicken diets resulted in significant reduction in excessive abdominal fat, and no significant differences were observed in the sensorial quality of the chicken breast and thigh portions. However, studies revealed that 20% inclusion of paste or cake of pumpkin seed in broiler rations resulted in up to 90% of the chicken morbidity because of thiamine (vitamin B1) deficit (Aguilar et al., 2011) . Murkovic et al. (2004) attributed the thiamine deficiency to the changes in the chemical composition of the pumpkin seed cake due to nutrient denaturation, which is commonly associated with overheating (200°C) during oil extraction processes from the pumpkin seeds. It has been established that utilization of 10% of PSM in broiler chicken diets as partial replacement of soya bean cake and plant oil does not affect the productive performance, the yield of the edible parts or the sensorial quality of the meat (Mart ınez et al., 2010a) .
As a follow-up investigation, Aguilar et al. (2011) worked on the effect of PSM on broiler performance, sensory meat quality and blood lipid profile. Their results revealed that with inclusion of 3.3%, 6.6% and 10% of the PSM in broiler diets, partially replacing soya bean meal and vegetable oil, improved live performance and edible portions yield. The abdominal fat and serum levels of harmful lipids were also reduced, while the serum levels of beneficial lipids increased. However, the meat sensory quality was not affected.
Anthelmintic control Makkar et al. (2007) reported that treating helminths with only synthetic chemicals is not a sustainable approach to manage the parasites in the long run. To obviate this challenge, livestock producers are tending towards alternative, sustainable and less toxic means of production. Accordingly, records have shown that (i) plants such as Ananas comosus (pineapple), Momordica charantia (bitter gourd) and Azadirachta indica (neem) containing anthelmintic compounds are used for controlling internal parasites and (ii) Eucalyptus has a direct effect on gastrointestinal nematodes, due to the presence of tannins in the plant. Many species of Cucurbita genus seeds are recognized as herbal dewormers, able to get rid of all intestinal helminths and parasites when used properly (Li et al., 2009 ). Scientific investigations have reported that the anthelmintic and antiparasitic activities may be attributed to the abundance of phenolic glycosides in the C. moschata seeds (Lyttle et al., 2008) . These researchers also confirmed the use of C. moschata for the treatment of parasitic diseases, benign prostatic hypertrophy, cystitis and hypercholesterolaemia, including its use as hypoglycaemia agent in rats.
Reproductive parameters
A study conducted by Machebe et al. (2013) on supplementing diets of breeder turkey hens with some seeds and root extracts of plants concluded that okra and pumpkin seed extracts improved the fertility and egg hatchability traits of turkey hens (Badley, 1997) . Subsequently, the turkey eggs showed low embryonic dead-in-shell: early (12%) and late (25%) compared to higher embryonic mortality in the control: 17% early and 50% late dead-in-shell embryos. The investigations of Herkel et al. (2014) on the effect of pumpkin oils on selected performance parameters of laying hens established that hens fed rations fortified with PSO afforded average production of 5.31 eggs per hen per week with average weight of 64.62 g, while the control group produced 4.84 eggs per hen per week and average weight of 62.88 g. The improved egg-laying performance in the hens fed diets supplemented with PSO was attributed to many valuable functional organic molecules (phytogens) in the pumpkin seed.
The phytogens, according to Herkel et al. (2014) , promote the secretion of gastric juices in chickens, as the PSO-enriched food moves through their digestive tracts and thus improves the integrity of the intestinal mucosa. The phytogens are also have been recorded to stimulate the olfactory receptors and taste buds, which accordingly increase feed intake, endogenous enzymes production and digestive juices, and better nutrient digestibility of feed (Panda et al., 2009 ), consequently enhancing the reproductive parameters (Mangiagalli et al., 2010) .
Egg has great nutritional value: rich in proteins, fats, fat-soluble vitamins and minerals. However, it contains cholesterol and other lipids which may be unhealthy to consumers (Simopoulos, 2002) . Reduction in the cholesterol level is a complex task because of its need in embryo growth. Several synthetic drug trials on cholesterol reduction provoked adverse reactions in the birds (Yin et al., 2008) . Hence, the huge interest and studies on dietary formulations rich in beneficial phytochemicals such as phytosterols, CF and essential fatty acids that also provides omega 3 and omega 6 fatty acids (Simopoulos, 2002; Mart ınez et al., 2012) are worth the efforts. Mart ınez et al. (2010a,b) , in addition to their previous works, investigated the effect of pumpkin (C. maxima) seed meal on total cholesterol and fatty acids of chicken eggs (Mart ınez et al., 2012) . They established that inclusion of up to 10% of the seed meal in the diets of laying hens resulted in increase in ether extract with interaction with the egg-laying weeks, as well as increased beneficial fatty acids, to the benefit of consumers' health, the total cholesterol and the harmful fatty acids were reduced in the eggs.
Conclusion
This study summarized studies of pumpkin meals on the general performance of poultry, revealing pumpkins' phytochemicals, the dosage at which effects are seen, and a possible alternative to synthetic growth hormones and antibiotics used in poultry production. Conventionally, a xenobiotic antibiotic is administered in the feed at a subtherapeutic dose for the chicken's growth promotion. For prevention/prophylaxis, the antibiotic is given at a slightly higher dose, while for control and treatment, the antibiotic is administered at higher dose in feed or by injection. This review therefore has shown that pumpkin meals have a positive impact on the general performance of poultry, as exemplified by increased feed conversion ratio, growth rate and egg production (egg quality and quantity) traits, and are also capable of playing an essential role in poultry health by maintaining a balanced microflora in the digestive system.
